This paper examined how many older adults (65+ yrs) are meeting physical activity (PA) Guidelines (PAG; 150 min/wk of moderate-to-vigorous PA) using data from three leading national surveys (NHANES, BRFSS and NHIS). The proportion of individuals meeting aerobic PAG was determined for the most recent cycle available for each survey (NHANES 2011-12, NHIS and BRFSS 2013) . We also assessed whether PAG adherence has changed over time. Predicted margins from multinomial logistic regression were computed after adjusting for age, race/ethnicity and gender and sample weights. The proportion of older adults meeting PAG was 27.3% for NHANES, 35.8% for NHIS and 44.3% for BRFSS. Across all surveys, men reported higher levels of activity than women, Non-Hispanic Whites reported higher levels than Non-Hispanic Blacks and Hispanics, activity declined with age and was lower in those with functional limitations, all P<0.05. The proportion of older adults meeting PAG in the NHIS survey, the only survey where PA questions remained the same over time, increased from 25.7% in 1998 to 35.8% in 2013 (P<0.01). Point-estimates for activity levels are different between surveys but they consistently identify sub-groups who are less active. Although older adults are reporting more activity over time, adherence to aerobic and strength training PAG remains low in this population and there is a need for effective interventions are needed to prevent age-related declines in PA and address health disparities among older adults.
Introduction
The population of older adults (≥65 yrs) in the United States is estimated to double over the next 25 years. (Vincent and Velkoff, 2010) As longevity increases, maintaining physical function, independence and quality of life among older adults are both public health and economic imperatives. (Parekh and Meyers, 2014) Older adults with multiple chronic conditions (e.g., cancer, hypertension, diabetes) account for 66% of the health care budget in the US. (Vincent and Velkoff, 2010 ) For many of these chronic conditions, there is strong evidence that physical activity (PA) is important for primary prevention, disease management and preventing mobility decline. (Pahor et al., 2014; Physical, 2008) Increasing PA, therefore, could have a profound effect on the health and quality of life of older adults, and provide major economic benefits to the US. (Carlson et al., 2015) Physical activity is a leading health indicator for the Healthy People 2020 objectives, which are 10-year benchmarks for improving the health of Americans. (Services.) Currently, PA is monitored through national surveillance systems and these data are used to inform disease burden estimates, assess progress from programs designed to increase PA, and inform policy decisions related to PA and older adults.(Centers for Disease Control and Prevention; Prevention.; Statistics). In a previous paper, Carlson et al. [10] identified substantial differences in activity when comparing the three leading surveillance systems in the US (i.e., National Health and Nutrition Examination Survey [NHANES] , Behavioral Risk Factor Surveillance System [BRFSS] and National Health Interview Survey [NHIS] ). However, their analysis preceded changes to NHANES and BRFSS questionnaires and the 2008 PA Guidelines for Americans (referred to hereafter as the Guidelines). The Guidelines recommend 150 min/week moderate (3 -5.99 Metabolic equivalents [METs] ) and/or 75 min/week vigorous (≥ 6 METs) intensity activity or an equivalent combination and 2 days per week of strength training activities. (Committee, 2008; Services.) Additionally, previous analyses did not focus on older adults. Quantifying whether adherence to Guidelines among older adults differs across-and within-surveys over time is necessary to avoid conflating behavioral change with artifact due to survey questions or characteristics.
To our knowledge, data from updated surveys and adherence to current Guidelines have not been systematically compared for older adults. This paper examined adherence to Healthy People 2020 goals among older adults across three leading national surveys: PA-1 Reduce the proportion of adults who engage in no leisure-time PA [LTPA]; and PA-2 Increase the proportion of adults who meet 2008 Guidelines for aerobic and muscle-strengthening activity. We also examined adherence to the Guidelines by gender, race/ethnicity, age, and among those with functional limitations and trends over time. In addition to aerobic and muscle-strengthening activity, the National Institute on Aging's "Go4Life ® initiative recommends balance and flexibility activities for older adults and we documented whether these are assessed in existing surveillance systems.(National Insitute on Aging) Table 1 provides an overview of each of the three surveys and the characteristics of the older adult population with available PA data. Briefly, NHANES uses a four-stage stratified cluster probability sample design to sample the non-institutionalized, civilian US population to obtain results that are nationally representative of the US population. (Prevention et al., 2013) For persons >16 yrs, the self-reported PA data is obtained during the interview portion. For this analysis we included data collected from 1999-2012, which encompasses seven, 2-year data cycles. Response rates ranged from 73% (2011-12) to 84% (2001-02) and sample sizes for older adults ranged from 1189 to 2556 (2007-08) . (Centers for Disease Control and Prevention) In 2011-2012, PA data were available for 1,166 adults (Table 1) , who were similar to the 1,250 older adults that completed the survey ( BRFSS is a state-based random digit-dialed telephone survey of the civilian, noninstitutionalized US adult population ≥ 18 years of age.(Prevention.) Until 2011, all interviews were conducted via landlines and since then a combination of cell phone and landline interviews have been conducted. The data can be used to provide estimates at a national, state and some regional/city levels. This analysis included PA data that were collected biennially on even-years from 1994-2000 and on odd-years from 2001-2013. Response rates, a weighted average of the state-specific response rates, ranged from 46.4% in 2013 to 70.0% in 1994 and sample sizes for older adults ranged from 21,330 in 1994 to 160,882 in 2013. The 160,882 participants who completed in the survey in 2013 (Table A .1) were similar to the 139,724 with available PA data (Table 1) .
Methods

Aerobic Physical Activity Assessment (See Appendix 1 for detailed descriptions)
To be included, an activity had to be: 1) aerobic -involving aerobic energy pathways (e.g., no weight-lifting); 2) reported for at least 10 minutes in duration and 3) of sufficient intensity (≥ 3 METs). The response time frames varied across surveys (i.e., past month, past two weeks, past week); therefore, all values were converted to minutes per week for consistency. To estimate the moderate intensity equivalent of total minutes per week, minutes of vigorous activity were multiplied by two and added to minutes of moderate activity. Although the Guidelines recommend all domains of aerobic activity (i.e., transportation, occupation and household activity), (Pettee Gabriel et al., 2012; Physical, 2008) for the present analysis we assessed only leisure-time since that is all that is available in NHIS and BRFSS.
Individuals were categorized as:
1.
no-LTPA: reporting no qualifying PA
2.
Insufficiently active: between 0 min and 149 min/week moderate intensity activity
3.
Meets Guidelines: at least 150 min/week of moderate and/or 75 min/week 
BRFSS
No-LTPA:
For all years, participants answered a yes/no question asking whether they did any physical activities or exercises. A "no" response determined the proportion reporting no-LTPA. For some years this variable was not structured as a skip pattern, which impacted the proportion of people categorized as inactive (See Table A 
2001-2009:
Participants reported the number of days per week and time per day they engaged in moderate and vigorous PA for at least 10-minutes at a time.
Strength training
The Guidelines recommend muscle strengthening activity 2 or more times per week. (Physical, 2008) NHANES only assessed muscle strengthening behaviors in 1999-2006, thus we did not report on these values due to the lack of recent data points. NHIS questionnaires included strength training from 1998-2013, BRFSS assessed strength training in 2011 and 2013.
Go4Life ® Components
In addition to aerobic activity and strength training, Go4Life ® promotes balance and flexibility activities for falls prevention. For each survey, we examined all primary and supplemental modules to determine which domains of aerobic activity and components of Go4Life ® were assessed. 
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Statistical analyses
To assess the current level of PA among older adults, we restricted analysis to the most recent publically available data (i.e., NHANES 2011-12, NHIS and BRFSS 2013) . For LTPA, we used multinomial logistic regression to identify the proportion of older individuals categorized as no-LTPA, insufficiently active and meeting Guidelines after adjusting for age (yrs), racial/ethnic categories (Non-Hispanic white, Non-Hispanic black, Hispanic, other and missing), and gender (male or female). For simplicity, we present only no-LTPA and meeting Guidelines in the main text, with insufficiently active estimates available in Table A. 3. Strength training was categorized as sufficient (≥ 2 times/wk) or insufficient (<2 times/ wk). Estimates were also compared by strata of relevant population sub-groups including age groups, gender, and race/ethnicity. The "other" race sample was insufficient to provide reliable estimates. The age, gender and race/ethnicity strata were mutually adjusted (i.e., age category adjusted for race/ethnicity and gender). Functional limitation category was adjusted for age (continuous), race/ethnicity and gender.
Using multinomial logistic regression analyses we tested whether the proportion of older adults who reported meeting aerobic or strength Guidelines changed over time by entering survey year as a continuous independent variable along with age, race/ethnicity and gender as covariates. (Graubard and Korn, 1999; Korn and B.I., 1999; Prevention.) In separate models with survey year as a categorical variable, predicted margins were used to compute proportions from the regression models adjusting for age, race and gender. (Graubard and Korn, 1999; Korn and B.I., 1999) CDC-recommended sample weights were included in the analyses to address differential sample selection, sample nonresponse and post-stratification adjustments. For time-trends, NHIS data from 1998-2013 were pooled and sample weights were adjusted accordingly. (Botman SL, 2000; Prevention et al., 2013 ) NHANES data within the two time-periods (1999-2006 and 2007-2008) were pooled but the trends were analyzed separately.(Prevention et al., 2013) BRFSS data were pooled within the three time periods (1994-2000-2001-2009 and 2001-2013) .
All analyses were performed using SAS (version 9.3) (Cary, NC, USA) and the SAScallable SUDAAN software (proc multilog and proc rlogistic) for analysis of multistagestratified complex survey data. Two-sided P-values of <0.05 were used to indicate statistically significant associations.
Results
Guideline adherence among Older Adults
In the recent surveys, the proportion of older adults who met Guidelines was 27.3% for NHANES, 35.8% for NHIS and 44.3% for BRFSS; the estimates and 95% confidence intervals are shown in (Table 3) .
Trends in Physical Activity
In NHANES, a new questionnaire was introduced in 2007-08, which precludes conclusions about activity trends over the entire study period . When the new questionnaire was introduced in 2007-08, the proportion reporting no-LTPA increased by approximately 20 percentage points compared to the previous cycle (Figure 1 
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In BRFSS, the proportion of adults reporting no-LTPA decreased from 40.4% in 1994 to 33.9% in 2013 ( Figure 3 ). Within both of the two time-periods that had consistent questions (i.e.,1994-2000 and 2001-09) the estimated proportion meeting Guidelines increased (P<0.05). 
Components of activity that are assessed in surveys
Discussion
This paper sought to determine the proportion of older adults who meet aerobic and strength training Guidelines. We found that the answer differed by survey, with estimates for aerobic activity ranging from 27.3% (NHANES 2011-12) to 44.3% (BRFSS 2013) ( Table 2 ). The proportion currently meeting strength-training recommendations (2 sessions per week) also differed between NHIS (16.7%) and BRFSS (21.6%). Based on NHIS and BRFSS, which had consistent questions over time, it appeared that the proportion of older adults reporting no-LTPA was declining. Using three national surveillance systems, these data provide a comprehensive examination of current activity levels and temporal trends in activity among older adults that may inform policy decisions and progress of programs designed to promote PA among older adults.
Although the point-estimates differed, there were important differences in activity levels for population sub-groups that were consistent across surveys. First, there is a clear age-related decline in activity. For NHIS, adults 65-74 yrs old were twice as likely to meet Guidelines (41.7%) compared to those over 85 yrs (18.4%). Although specific age data are available via proposals in the National Center for Health Statistics Research Data Center, the publically available datasets for both NHANES and BRFSS have top-coded age at 80 yrs. Adults >85 yrs are the fastest growing segment of the population and increasing activity among this older group is beneficial. (Pahor et al., 2014) Therefore, public access to relevant data for those aged 80+ in more granular form may be important. Second, males were consistently more active than females, and third, non-Hispanic Whites were more active than Non-Hispanic Blacks and Hispanic/Latinos populations. These findings are consistent with Carlson et al. (Carlson et al., 2009 ) based on data through 2008 and demonstrate a continued need for targeted interventions to reduce health disparities among older adults.
The differences in Guidelines adherence across the three surveys could be related to the survey design (e.g., sampling strategies, response rates and in-person vs. telephone surveys) or the PA questions themselves (e.g., domain, time-scale). The factors related to the surveys are discussed in detail by others. (Carlson et al., 2009; Fahimi et al., 2008; Nelson et al., 2003) Briefly, NHIS and NHANES conduct in-person interviews while BRFSS is telephonebased, which results in lower response rates for BRFSS and could lead to selection bias, though this is considered in sample weighting. (Blumberg and Luke, 2009 ) Li et al.
compared questions (i.e., smoking, BMI, prevalence of chronic diseases) that are similarly assessed between the surveillance systems and noted differences (0-3.9%) that were much smaller in magnitude than for physical activity (11-25%). (Li et al., 2012) Thus, rather than survey-specific factors, the observed PA differences are likely due to differences in the questions included in the surveys, which is supported by the large changes when the PA questions changed within a survey. There was no clear pattern for whether "global" or "specific" questions produced higher prevalence estimates. In NHANES, the proportion who reported meeting Guidelines went down when the global questions were instituted ( Figure  1) , while in BRFSS the proportion who reported meeting Guidelines went up when global questions were instituted (Figure 3 ). This may be due to the fact that NHANES allowed for an unlimited number of activities to be reported, while BRFSS participants reported just the top two most common activities.
Based on NHIS, the only survey with consistent questions over an extended time-period (1998-2013) , across all age strata more older adults are meeting Guidelines (Figure A.2.) . However, only about one-third of older adults are meeting aerobic Guidelines, and strength training rates have nearly doubled but remain low (16.7%). In BRFSS, the proportion of older adults reporting no-LTPA also declined, consistent with trends in NHIS. Our findings are similar to Carlson et al., (Carlson et al., 2010) who showed small but significant improvement in Guidelines adherence for all US adults between 1998 and 2008 using NHIS.
While surveys will inevitably change due to advances in science and space/resource allocation, it seems imperative that some key questions or components remain stable to allow researchers and policy makers to adequately assess trends over time. Analysts should strongly consider the impact changes in questionnaires may have on observed results and resulting conclusions, as it was not possible to examine temporal trends in NHANES due to a substantial change in activity levels when the survey questions changed. (Bassett and Lee, 2015; Ladabaum et al., 2014) A final goal of this paper was to identify whether existing surveillance systems currently assess the types of PA recommended for older adults and promoted by the Go4Life ® initiative. Over the past 50 years, the focus of PA research has shifted from activity for improving fitness (i.e., exercise), to activity for health, which includes moderate-intensity activity in any domain (e.g., walking for transportation, household activities). (Physical, 2008) Existing surveillance programs focus primarily on LTPA (all) and only NHANES routinely assesses other aerobic domains (transportation and occupation). The definition and examples for leisure-time activity may have changed over time within surveys. Future research is needed to explore how aerobic activity domains are interpreted by older adults; for example, retired individuals may consider all time as "leisure-time" and the term "exercise" may discourage older adults (as well as others) from reporting a walk to the store. Unsurprisingly, in NHANES the proportion meeting Guidelines (46.4%) when all domains were included was higher than for leisure-time alone (27.3%). NHIS has included supplemental questions (Cancer supplement: 2000 (Cancer supplement: , 2005 (Cancer supplement: , 2010 that included transportationrelated aerobic activity. Strength training is only assessed in NHIS and BRFSS. Balance and flexibility activities have been shown to prevent falls and have particular importance for older adults, but are not routinely assessed. (Province et al., 1995) In NHIS, these activities have been assessed in supplements (e.g., stretching, 2001; yoga and tai chi, 2012, Self-reported PA is subject to recall and desirability biases, which may lead to misclassification of activity status. Accelerometers provide an objective estimate of PArelated movement and were used in NHANES sample from 2003-2006 and 2011-2014 (data release pending) . However, the Guidelines are based on self-reported data and there are currently no public health recommendations based on accelerometer data. (Troiano et al., 2014 ) Therefore, we restricted our analysis to self-reported data. While the point-estimates of Guidelines adherence are different between self-report and accelerometers , we do see similar age-related declines and differences by sex. (Matthews et al., 2008; Matthews et al., 2012; Troiano et al., 2008) Prospective studies with accelerometer-assessed PA are needed to inform recommendations and surveillance efforts.
Although providing an accurate point-estimate of current activity levels among older adults is challenging, the data reported here provide insights on the current levels of activity and identify sub-groups who are less active. There is a need for greater attention of surveillance of PA in older adults given the aging population in the US and the particular benefits of PA for this population. More research is needed to broaden the focus from leisure-time aerobic activity to other forms of PA and to determine the types of questions in the existing surveys that are most appropriate for older adults. It appears that the proportion of older adults meeting aerobic and strength Guidelines is increasing and the proportion engaging in no LTPA is declining over the time period from 1998-2013, but there is still a great deal of room for improvement as less than half of adults met aerobic Guidelines in all surveys.
Effective interventions are needed to encourage PA, prevent age-related declines in PA, and address health disparities among older adults.
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